BACKGROUND: The physical activity pattern in society has in recent years changed from necessary occupational activity to voluntary activities during leisure-time. How this change in lifestyle affects the selection of dietary intakes is presently unknown. OBJECTIVES: The aim of the present study was to investigate the different effects of high vs low-intensity exercise on the following day's dietary energy intake and macronutrient selection. DESIGN: The study was designed as a controlled randomized cross-over study which compared food selection and energy intake the day following a low-intensity vs a high-intensity exercise bout. We included 32 healthy normalweight subjects of four subgroups (young males, young females, old males and old females). On two different occasions they performed either 60 min low-intensity (30% of V X O 2 max ) or 30 min high-intensity (60% of V X O 2 max ) exercise during 24 h measurements of energy expenditure. The energy intake and macronutrient selection of the subsequent day was assessed by offering them an ad libitum buffet at breakfast and at lunch. RESULTS: Following the low-intensity exercise the subjects chose a diet with an energy percentage from fat similar to that of their habitual diet Ð 36.7% (95% CI: 34.3, 39.0) vs 35.6% (95% CI: 33.0, 38.2; NS). Following the high-intensity exercise they chose a diet with 39.9% (95% CI: 37.2, 42.6) fat, which was 3.2% (95% CI: 0.6, 5.9) higher than following the low-intensity exercise (P`0.05) and 4.2% (95% CI: 1.1, 7.4) more than their habitual diet (P`0.01).
Introduction
During the last few decades the prevalence of obesity, de®ned as a BMI above 30 kgam 2 , has increased dramatically in most developed countries, especially among the middle-aged. 1 ± 3 In the United States the prevalence of obesity has increased from 14.5% in 1980 to 22.5% in 1994 among both genders (from 12.3 to 19.9% for males and 16.5 to 24.9% for the female population). 3 The prevalence of obesity in Britain doubled between 1980 and 1991 and had in 1993 reached 13% for men and 16% for women. 4 In Denmark the prevalence among adults has increased in both sexes from 6% in 1987 to 8% in 1994. 1 Obesity develops when energy balance is positive over an extended period of time, and is thought to develop in individuals with a genetic susceptibility when they are exposed to an environment with energy-dense, high-fat foods and a sedentary life style. 5 Lifestyle has indeed changed over the past ®ve decades. According to self-reported data the dietary fat intake increased from 34% in the 1940s to a maximum in the early 1980s of 42.6% in Britain. 2, 6 The corresponding ®gures in Denmark were 36% in 1955 rising to 42% in 1990. 7 However, during the last decade this upward trend has reversed and in 1995 the total fat intake was reduced to 39.8% in Britain 6 and 37% in Denmark. 8 Activity patterns have also changed substantially during the recent decades. A number of epidemiological studies from Denmark, 1 United States 9 ± 11 Finland, 12, 13 Scotland, 14 New Zealand 15 and Italy 16 have shown that energy and time spent on work and self-transportation has decreased, while the participation in leisure-time physical activity has increased. This indicates that energy requirements, and possibly macronutrient composition, have changed concomitantly.
In this context it is important to distinguish between regular and occasional physical activity. Regular exercise induces a well-known physiological adaptation of the body to the particular type of exercise, including muscle strength and velocity, insulin sensitivity and amount of glycogen and fat stores. To our knowledge it is still unclear what effect occasional physical exercise has on the untrained body, although it could be speculated that there are many people having a general sedentary lifestyle only exercising once in a while, especially those coping with weight problems. While it is well established that physical activity is important for body weight maintenance, little is known about how the ongoing change in physical activity pattern affects food preferences, intake and body weight regulation. The aim of the present study was to investigate if ad libitum food selection is acutely in¯uenced by physical activity intensity. Physical activity decreases with age, 4 and we therefore studied the responses to changes in working intensity in both young and old untrained subjects.
Subjects and methods

Subjects
Most subjects were recruited through newspapers and some through associations for the elderly. Only healthy non-athletes not exercising regularly with no history of metabolic disorders were included in the study. Thirty-two adult Caucasian subjects were included in the study. They were divided into four subgroups of eight subjects each: young males, young females, old males and old females. The young and the old groups were not perfectly matched, because young people are generally taller and more muscular than their older counterparts (Table 1) . Written informed consent was obtained from all subjects, and the study was approved by the Municipal Ethical Committee of Copenhagen and Frederiksberg, Denmark.
Protocol
The study was a controlled randomized cross-over study including 24 h measurements of energy expenditure in calorimeters on two occasions with different exercise intensities. Maximal oxygen consumption (V X O 2max ) was measured in all young subjects and assessed by a two-point submaximal test in all old subjects one week prior to the study. Fat-free mass (FFM) was estimated by bioimpedance 17 and used to assess energy requirements for each subject during the chamber stay using the following formula:
All subjects completed the 3 day experimental program on two separate occasions. Day 1 was spent in the calorimeter and food intake was observed on days 2 and 3. On day 2 the subjects stayed at the research department until 2.30 p.m. and were offered an ad libitum breakfast buffet including about 30 different habitually consumed Danish breakfast items. These conditions were repeated at lunch time, where about 35 different habitually consumed Danish lunch items were offered. Both buffets included both high-and low-fat products, about half of each, and only three types of bread and two types of cheese were served on both buffets. All intakes were weighed and recorded by the investigator. Subjects weighed and recorded their intakes at home for the rest of day 2 and all of day 3. The schedule is shown in Figure 1 . The only difference between the two measurements was the calorimeter day, which differed in duration and intensity of the exercise bout Ð 1 h of 30% of V X O 2max
(low-intensity exercise) vs 30 min of 60% of V X O 2max
(high-intensity exercise), respectively, in randomized order.
The habitual diet was assessed by a 2-day weighed food record prior to the calorimeter stay, and macronutrient intakes were calculated using the computer database of foods from the National Food Agency of Tables, 1989) . The diet served during the calorimeter stay was standardized with a macronutrient composition of 13% energy from protein, 37% energy from fat and 50% energy from carbohydrate.
Methods
Energy expenditure was measured by indirect wholebody calorimetry on the basis of oxygen uptake, carbon dioxide production, and nitrogen excreted in the urine, measured in 15 m 3 respiratory chambers as described in detail elsewhere. 18, 19 Energy expenditure was measured as 24 h energy expenditure starting at 9 a.m., sleeping energy expenditure between 1 and 6 a.m., and standardized basal metabolic rate between 8 and 9 a.m. The volume of the outgoing air from the chamber was measured by the principle of differential pressure (AVA 500; Hartmann & Braun, Frankfurt, Germany). The carbon dioxide concentration of the outgoing air was measured by infrared analysis (Uras 3G; Hartmann & Braun) and the oxygen concentration by the paramagnetic principles (Magnos 4G; Hartmann & Braun).
The spontaneous physical activity was assessed by two microwave radar detectors (Sisor Mini-Radar; Static Input System SA, Lausanne, Switzerland) which continuously emit and receive a signal. When the radar detects a moving object a signal is generated and received by the transceiver. The spontaneous physical activity measurements indicate the percentage of time the subject is active to a detectable degree.
The exercise was carried out on a bicycle ergometer with work output related to the individual measurements of V X O 2max . The subjects were kept under 24 h surveillance by a laboratory technician during the day and by medical students during the night. Previously reported within-subject day-to-day coef®cients of variation in our respiratory chamber are 1.5% for 24 h, 1.8% for sleeping energy expenditure, and 9.7% for spontaneous physical activity. 20 Body weight was measured on a decimal scale (model 707; Seca, Copenhagen). Body compensation was estimated by bioelectrical impedance analysis using an Animeter (HTS-Engineering Inc, Odense, Denmark).
Fasting venous plasma samples were taken the day following the respiratory measurements at 10 a.m. (0 h) and 1 2 , 1, 2, 3 and 4 h later (Figure 1 ). For insulin the ELISA method (test kit from Dako AaS, Denmark) was used. Catecholamines were assessed by the radioenzymatic method 21 and gastric inhibitory peptide (GIP) as described in by Holst and Bersani. 22 Free fatty acids (FFA) were measured by a Wako NEFA C test kit (Wako Chemicals, Interkemi, Denmark). Cholecystokinin (CCK) was measured as described by Rehfeld. 23 Lactate was measured by a Monotest Lactate fully enzymatic test-kit (Boehringer Mannheim, Diagnostica, Denmark). Triglycerides were measured by the Test-Combination Triglycerides GPO-PAP test-kit (Boehringer Mannheim, Diagnostica, Denmark), and glucose by the Gluco-Quant GlucoseaHK kinetic test-kit (Boehringer Mannheim, Diagnostica, Denmark).
Statistical analyses
Statistical analyses were performed with SPSS 7.5 for Windows (SPSS Inc. Chicago, USA). Differences related to the different exercise intensities were tested by paired t-test and group effects were tested using the general linear models repeated measures. Group means are presented with 95% con®dence intervals or minimum and maximum. Adjustments of variable data (Var) for a speci®c determinant (D) were made according to Ravussin and Bogardus 24 using the following equation:
The slope is derived from the linear regression with Var as the dependent variable. Repeated data were analysed by the analysis of variance: the GLM repeated measures procedure.
Results
Respiratory measurements
Data from the two measurements in the respiratory chambers are presented in Table 2 . Actual intensities were 60.1% and 33.4% of V X O 2max , respectively.
Twenty-four hour energy expenditure was 1.3% higher on the high-intensity exercise measurements (P`0.01), partly due to the bicycling session (9.2% vs 8.6% of 24 h energy expenditure, P`0.01, Table  2 ) The 24 h energy balances were positive on both low-and high-density exercise (2.8% vs 4.6% of 24 h energy expenditure, P`0.01). Finally, the mean respiratory quotient during exercise was higher during high-intensity than during low-intensity exercise (0.962 vs 0.912, P`0.0001).
The young group had a higher 24 h energy expenditure and basal metabolic rate (P`0.05), but these differences disappeared when adjusted for differences in FFM.
Energy and macronutrient selection
On the two days before the respiratory measurements and on the third day of each experimental period no differences in total energy intake or in the selection of macronutrients were seen between high-and lowintensity exercise. Habitual energy intakes were lower than energy intakes on day 2 (P`0.01). Dietary intakes on day 2 are given in Table 3 together with data on the habitual diet.
After the high-intensity exercise the mean fat intake was 4.2% higher than the habitual diet (P`0.01) and Increased intensity of a single exercise bout stimulates subsequent fat intake B Klausen et al 3.2% higher than the diet after low-intensity exercise (P`0.05). Correspondingly the carbohydrate intake was 4.6% lower than the habitual diet (P`0.01) and 2.3% lower than after the low-intensity exercise (P`0.05). There was no signi®cant relation between 24 h energy balance and macronutrient intake. A paired t-test showed no signi®cant difference in the amount in grams of the food consumed on day 2 on the two occasions because of a large variation (P b 0.05). When analysing lunch and breakfast alone no signi®cant effects on fat intake was seen. Effects of age group or gender on the macronutrient selection the day following the respiratory measurements were examined by the analyses of variance procedure with gender and age as factors. The results showed no effect of age or gender on the observed difference in macronutrient intake the day following the exercise bout. Mean fat intake for females (low-vs high-intensity exercise) was 36.4 (32.9 ± 39.8)% vs 40.5 (36.1 ± 44.8)% and for males it was 37.0 (33.3 ± 40.6)% vs 39.4 (35.6 ± 43.2)%. Mean fat intake for the young group was 33.3 (29.9 ± 36.8)% vs 36.9 (32.5 ± 41.4)% and for the old group it was 40.0 (37.5 ± 42.6)% vs 42.9 (40.0 ± 45.8)%.
Substrates and hormones
The repeated measurement procedure showed that the triglyceride concentrations were higher in the fasting state after the low-intensity exercise than after the high-intensity exercise (0.978 (0.860 ± 1.095) vs 0.906 (0.812 ± 1.001) mmolal, P`0.05) and remained so in all subsequent measurements. 
Discussion
The main ®nding of the present short-term study was that changing the type of activity of a single exercise bout from 30% of maximal aerobic capacity for 60 min to 60% for only 30 min affected the diet composition of the following day resulting in a diet with a higher fat energy percentage compared with both the habitual diet and the diet selected after the low-intensity exercise. This effect was found to be similar in both gender and age groups. However, the higher fat content diet did not result in a signi®cantly higher energy intake.
A longer-term study by Ambler et al 25 showed that exercise training in females without increasing ®tness The contribution from the bicycling session is subtracted. EE energy expenditure. BMR basal metabolic rate. SPA spontaneous physical activity. RQ respiratory quotient. Increased intensity of a single exercise bout stimulates subsequent fat intake B Klausen et al level leads to a change in macronutrient selection with a greater fat and a reduced carbohydrate intake. Two small short-term studies by Verger 26, 27 showed that 2 h of sub-maximal exercise resulted in a relative greater intake of carbohydrates in the ®rst study 26 and a relatively greater intake of proteins in the second. 27 Other previous studies have not been able to demonstrate a coupling between special exercise types and subsequent changes in macronutrient selection. The effect of physical activities on fuel metabolism is complex and is potentially confounded by effects of gender 28, 29 and obesity. 30, 31 Studies in animals which have the advantage that their food intake is not in¯uenced by psychological factors, shows that a combination of high-fat food and a sedentary lifestyle leads to development of obesity. 32 Inducing physical activity and thereby raising RQ should, in order to counteract the fall in blood glucose, theoretically lead to a preference for more carbohydrate in the diet in man. 32 However such a regulatory mechanism has so far not been demonstrated. It is now established that high-intensity exercise induces an acute, but temporary, suppression of hunger and of energy intake. 33 Even though the in¯uence of exercise on subsequent diet composition has been studied using a variety of different designs, exercise types, subject characteristics and methods for estimating diet, none of these studies have discovered differences in macronutrient selection. Some of the previous studies measured effects only 15 min to 2 h after the exercise, 34, 35 while a few studies lasting from 3 weeks to 2 y have failed to detect any differences in food selection. 31, 36, 37 One study 38 is comparable in design to the present one, but only 12 subjects were included. The inclusion of only a few subjects and methodological limitations are common shortcomings of these studies. In the present investigation we studied a relatively large group of subjects, comprising both males and females, young and old, who were presented with a large buffet consisting of 30 ± 35 different ordinary items in order to increase the likelihood of detecting small differences in macronutrient selection. The observed change in macronutrient selection is seen in spite of the uncertainties in registration of food intake and in the con®dence limits of the database used.
No vigorous activity was allowed on the two days preceding the respiratory measurements, which could explain why the habitual intake was lower, but underreporting of the habitual diet and the palatable buffet may also have had an effect.
The results presented here are dif®cult to translate into regular exercise habits, but if subjects not exercising regularly are exposed to a single bout of high intensity exercise they may respond by increasing their fat intake the following day, which may counteract attempts to reduce dietary fat.
In subjects exercising vigorously and regularly a lower body fatness is generally observed. 39 This phenomenon could be due to a new metabolic steady state induced by the enhanced ®tness. 40 Exercising regularly (three to four times a week) has a different metabolic impact on the body than the more prevalent lifestyle of being sedentary most days and practising short-time high-intensity exercise once a week. In subjects predisposed to obesity this could result in excess fat being deposited in the post-exercise period, because it is known that these subjects are especially vulnerable to a high-fat diet. 5 Physical activity has many health implications other than weight regulation, including protective effects for coronary heart disease, hypertension, noninsulin-dependent diabetes mellitus, osteoporosis, colon cancer, anxiety and depression. 41 It is a general belief that only vigorous activity is endorsed by health professionals, but on the basis of the current literature, an expert panel concluded that every adult should accumulate 30 min or more of moderate-intensity physical activity on most, preferably all, days of the week to confer substantial bene®t. Higher levels of activity have only minor additional health bene®t. 41 In the present study we found an enhancing effect on the fat intake after the higher-intensity exercise, which further indicates that lower-intensity exercise may also be the most bene®cial for individuals who exercise on a less regular and more infrequent basis. Exercise types stimulating fat intake could counteract implementation of dietary fat reduction recommendation.
We measured plasma concentrations of a number of metabolites and hormones with relevance for energy and substrate metabolism and appetite control, but no differences were found following the exercise bouts except for triglycerides, which were found in a higher concentration after the low-intensity exercise.
It has previously been shown that preceding exercise pattern in¯uences lipaemic tolerance. Young adults walked for 2 h at about 40% of V X O 2max one afternoon and had their fat tolerance tested the following morning. 42 Postprandial lipaemia was nearly onethird lower than in a no-exercise control group. By contrast, Cohen and coworkers found little effect on lipaemia in sedentary men who performed 1 h of exercise 12 h prior to an oral fat tolerance test. 43 As the energy expended during exercise seems to be a determinant of its effect on lipaemia, it is possible that our ®nding of a lower lipaemic response after the high-intensity exercise is due to the slightly higher energy expenditure at that occasion. The mechanism responsible for the connection between exercise intensity and fat preference remains to be determined, but possible explanations include neurochemical signals affecting food intake independent of oxidative mechanisms. 33 In conclusion, we studied 32 subjects exposed to both 30 min bicycling of 60% of V X O 2max and 60 min bicycling of 30% of V X O 2max and found an increased dietary fat intake in the 24 h following the highintensity exercise compared with low-intensity exercise, without any difference in total energy intake. The
Increased intensity of a single exercise bout stimulates subsequent fat intake B Klausen et al study therefore shows that a single bout of high intensity physical activity may increase subsequent fat intake.
